Anthropometric measurements were made on 4,952 mothers and their neonates from a Peruvian urban population. Based on age-specific percentiles, the mothers were separated into categories of short and tall stature, high and low fat, and high and low muscle. The study indicates that: (1) tall and short mothers characterized by similar subcutaneous fat and upper arm muscle area (whether high or low) had newborns with similar birth weight and recumbent length; (2) mothers characterized by high subcutaneous fat had heavier and fatter, but not longer, newborns than mothers with low subcutaneous fat; (3) mothers characterized by high upper arm muscle area had heavier, leaner and longer newborns than mothers with low upper arm muscle area; (4) mothers characterized by high muscle and high fat had heavier and longer newborns than mothers with high muscle and low fat; but (51 mothers characterized by high muscle and low fat had heavier and longer newborns than mothers with low muscle and high fat. Considering that subcutaneous fat and arm muscle area reflect calorie and protein reserves respectively, it is concluded that an increase in maternal calorie reserves results in increased infant fatness, but a lesser increase in linear growth. In contrast, an increase in maternal protein reserves does enhance both birth weight and prenatal linear growth.
The hypothesis that the fetus is completely protected against maternal inadequacies is no longer tenable. As demonstrated by previous studies, variations in maternal nutritional status are associated with differences in the frequency of lower birth weights (Antonov, '47; Smith, '47; Weis and Jackson, '69; Weis et al., '69 ; National Academy of Sciences, '70; Rush et al., '72; Niswander and Gordon, '72; Sinclair and Saigal, '75; Lechtig et al., '75; Beisel, '75; Rush, '75) . In various studies the amounts of subcutaneous fat and body muscle have been used as indications of the calorie and protein reserves present in the body (Waterlow and Mendes, '57; Standard et d., '59; Garn and Haskell, '59 , '60; Garn, '62; Jelliffe, '66) . The utility of these anthropometric measurements in evaluating human growth and nutritional status has been documented by various investigators (Stini, '69; Dugdale et al., '70 ; Frisancho and Baker, '70; Frisancho et al., '71; Frisancho and Garn, '71a, b; Johnston et al., '71; Anderson, '75) . However, the possible relationship of maternal subcutaneous fat and muscle size to prenatal growth has not been documented (Rush, '75; Beisel, '75) .
Accordingly, in the present study of a Peruvian urban population, we have analyzed the relationship of maternal triceps skinfolds, upper arm muscle area, and stature to neonatal anthropometric measurements.
METHODS AND MATERIALS
In 1973 we conducted an anthropometric and dernographic study of an urban Peruvian population from the city of Lima. The study included a total sample of 4,952 mothers and their neonates attended at the Maternity Hospital of Lima; these women represented 75% of the total population of mothers who gave birth at the hospital between July and December, 1973. The age of the mothers ranged from 13 to 40 years; their average number of years of schooling was about four. As indicated in a previous publication (Frisancho et al., '761 , the average per capita income was about $229,63% of which was used for purchasing food. We chose the Maternity Hospital of Lima because it enabled us to obtain accurate information on reproductive characteristics.
MEASUREMENTS

Maternal
Measurements of height (cm), pre-partum weight (kg), upper arm circumference (mm) and triceps skinfolds thickness (mml were obtained using standard procedures (Weiner and Lourie, '69) . With the right arm hanging relaxed, the upper arm circumference was measured to the nearest millimeter midway between the tip of the acromion and the olecranon process using a steel tape. The triceps skinfold thickness was also measured to the nearest millimeter with the right arm hanging freely, at the same point on the back of the arm, using a Lange skinfold caliper having a pressure of 10 g/mm on the contact surface area. All the maternal measurements were taken upon admittance to the hospital and prior to delivery.
Neonatal
Measurements of birth weight (gm), recumbent length (cm), head circumference (cm), thorax circumference (cm), upper arm circumference (mm) and triceps skinfold thickness (mm) were obtained through standard procedures (Faulkner, '60) and taken within six hours of delivery. The means and standard deviations by sex are given in groups. Then, on the basis of this information the subjects were classified as either lean or fat, low-muscled or high-muscled, and short or tall, depending on whether their triceps skinfolds, upper arm muscle area and stature were less than the twentieth or greater than the eightieth age-specific percentiles for these respective measurements. Subsequently, subjects were also classified as either short-lean or tall-lean, either short-low muscle or tall-low muscle, either short-fat or tall-fat, and either short-high muscle or tall-high muscle. In addition, they were also grouped as either high muscle-high fat, high muscle-low fat or low muscle-high fat.
We have analyzed the data by 5-year intervals for maternal age groups so as to control for the influence of increasing maternal age. Observations of neonatal characteristics by parity showed no major variations. Furthermore, as indicated in the present study, because birth weight and recumbent length increase with maternal age up to 40 years, we have compared these groups for statistical differences by analyses of covariance as well. Here the mean birth weights and recumbent lengths are compared with respect to an equal, projected maternal age; in this manner, possible variations in maternal age are not reflected in the comparisons of the neonatal measurements.
Finally, due to space limitations the present study considers only evaluations of birth weight, recumbent length, triceps skinfolds and upper arm muscle area. For the same reason, the different maternal categories are compared graphically on the basis of the mean k standard error of the mean. All inferences regarding statistical significance are based on Student ttests or analysis of covariance. RESULTS 
AND DISCUSSION
Stature
As shown in figure 1, although the male newborns of tall mothers tend to be mothers have significantly (p < 0.05 t o p < heavier and longer than those of short 0.0011 fatter newborns, i.e., having a mothers, these differences do not reach greater triceps skinfold thickness, than statistical significance. Similarly, the fe-lean mothers, but fat mothers do not male newborns of tall mothers have com-necessarily produce longer newborns, i.e., parable birth weights and recumbent having a greater recumbent length, than lengths to those of short mothers. do lean mothers.
Skinfolds
Upper arm muscle From &ure 2 it is quite evident that fat Figure 3 demonstrates that male new- '611. This association suggests that increased subcutaneous fat, resulting from either high calorie intake or low energy expenditure, reflects a greater amount of calorie reserves. On the other hand, experimental and clinical studies have shown that the decrease in infant muscle mass under conditions of malnutrition is greater than the reduction in body weight (Waterlow and Mendes, '57; Standard et al., '59) . This reduction in muscle mass occurs as a compensatory mechanism to provide adequate amino acids for gluconeogenesis and protein synthesis in the liver (Arroyave and Castellanos, '61). The existence of such a mechanism suggests that if skeletal muscularization is well maintained, then the protein requirements for growth and maintenance of body tissues have been met. In other words, the size of the body muscle is indicative of the level of protein reserves. This is supported by analyses of Central American and Asiatic samples, which indicate that during growth, greater muscularity is associated with greater stature, thus demonstrating that measurements of muscularity do serve as a general index of nutritional status and growth in size (Dugdale et al., '70; Frisancho and Garn, '71a, b; Frisancho et al., '71; Anderson, '75) .
On the basis of these investigations, we would expect fat mothers to have greater calorie reserves than lean mothers. Similarly, more muscular mothers would be expected to have greater protein reserves than their less muscular counterparts. The present study indicates that increased maternal subcutaneous fat is reflected in greater infant fatness, but is not associated with significantly greater birth weight or recumbent length. This suggests that increased maternal calorie reserves are not reflected in greater linear growth. On the other hand, increased maternal arm muscle area is associated with significantly greater arm muscle area and recumbent length, especially in male newborns. Thus increased maternal protein reserves are apparently directly reflected in enhanced prenatal growth and greater protein reserves. Table 2 compares the birth weight and recumbent length in newborns of mothers with low and high triceps skinfold thicknesses. These data show that short and tall mothers with low fatness have newborns with similar birth weights and recumbent lengths. In the same manner, short and tall fat mothers have newborns with similar birth weights and recumbent lengths, although in males tall mothers do have slightly heavier newborns (p < 0.05).
Stature, skinfolds and arm muscle
From table 2 it is also evident that short and tall mothers characterized by low muscle area have newborns with similar birth weights and recumbent lengths. Furthermore, short and tall mothers with high muscle area have newborns with equivalent birth weights and recumbent lengths. Thus it appears that when either protein (muscle) or calorie (fat) reserves are con- 
F2
(1) Short-lean (2) Tall-lean (3) Short-fat (4) Tall-fat (5) Short-low muscle (6) Tall-low muscle (7) Short-high muscle (8) The lack of association between maternal stature and neonatal measurements in the present study suggests that variations in stature alone have minimal effects on prenatal growth. Recent studies among US. poor and medium income populations also indicate that maternal height, corrected for pre-pregnancy weight and weight gain, has only a negligible relationship to birth weight (Weis and Jackson, '69; Weis et al., '69; Rush et al., '72 ). Table 3 compares the birth weights and recumbent lengths of newborns by maternal muscle-fatness groups. From these data the following points are evident: (a) when both maternal protein and calorie reserves are increased (high muscle and high fat), birth weight and recumbent length in males are significantly (p < 0.051 greater when compared to those cases where only maternal protein (high muscle and low fat) or calorie (low muscle and high fat) reserves are increased; (b) in females, when both maternal protein and calorie reserves are increased (high muscle and high fat), birth weight and recumbent length are significantly greater (p < 0.05 to p < 0.01) when compared to those in situations where only the calorie reserves are increased (low muscle and high fat), whereas there are only small differences in prenatal growth when compared to those cases where only protein reserves are increased (high muscle and low fat); (c) in both sexes birth weight and recumbent length are significantly (p < 0.01) greater among newborns of mothers with high protein reserves (high muscle and low fat) than among those of mothers with high calorie reserves (low muscle and high fat). These findings together suggest that an increase in maternal calorie reserves, unless accompanied by a corresponding increase in maternal protein reservcs, may increase neonatal subcutaneous fat, but may not enhance linear growth. Improvement in linear growth requires an increase in both 
Skinfolds and arm muscle
CONCLUSIONS
From this extensive study it is clear that maternal nutritional status during pregnancy has profound effects on prenatal growth. An important conclusion is also that differences in maternal stature appear to have minimal influence on birth weight and recumbent length when maternal protein and calorie reserves are held constant, as shown by the evaluations of triceps skinfolds and upper arm muscle area. In terms of calorie and protein reserves, the data suggest that an increase in maternal protein reserves (muscle) has a greater influence on linear growth than an increase in calorie reserves (fat). These conclusions, however, may not be applicable to populations characterized by chronic malnutrition. In a population suffering from chronic malnutrition an increase in calories alone may be reflected in a marked increase in prenatal growth, and in terms of energy metabolism, this would be an expected response.
